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and the sodium, a second eluate fraction contains at 
least half of the radioactive metals, a third eluate frac 
tion contains at least half of the scandium and a fourth 
eluate fraction contains at least half of the yttrium 
which were contained in the metal-containing feed. 
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METHOD FOR CHROMATOGRAPHICALLY 
RECOVERING SCANDIUM AND YTTRIUM 

The invention relates to a method for chromato 
graphically recovering scandium and yttrium in the 
residue from a sand chlorinator. 

BACKGROUND OF THE INVENTION 

In the production of such metals as zirconium, haf 
nium and titanium by Kroll reduction processes, zircon 
and rutile sands are ?rst chlorinated in the presence of 
carbon to produce gaseous zirconium, hafnium, tita 
nium and silicon tetrachlorides, which metals are then 
reduced with, e.g., magnesium. The sands are typically 
chlorinated in the presence of carbon at temperatures 
greater than about 800° C. in ?uidized beds. Non 
volatile compounds, and particularly calcium and so 
dium salts, in the zircon and rutile sands eventually 
build up in the chlorinators and create “sticky‘” bed 
conditions which inhibit ?uidization thus the residues in 
the chlorinators must be periodically pulled. 
The zircon and rutile sands may also contain small 

amounts of other elements which are removed from the 
chlorinators in the residues. Thus the residues generally 
contain radium. scandium, yttrium and other transition 
metals, including metals from the rare earth and acti 
nide series. Depending upon their compositions. these 
residues must be disposed of (at signi?cant cost) as 
RCRA and low radioactive level wastes because of the _ 
presence of radioactive radium, thorium and uranium. 
Preferably. the volume of these wastes are minimized 
for permanent storage. 

It has been recently proposed to recover scandium 
and yttrium from the chlorinator residues as saleable . 
byproducts in order to recover at least some of the cost 
of disposing ofthe wastes. Yttrium is useful in advanced 
ceramics and superconductor applications. Scandium is 
useful in various laser applications. These proposals 
generally involve a rather complicated sequence of 
multistage solvent extractions and precipitations. Or 
ganic solvents may be employed to extract the metal 
values. Thus these proposed processes result in addi 
tional liquid waste streams which must be treated. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to recover 
scandium and yttrium in the residues from chlorinators 
by a process which does not generate substantial liquid 
wastes. It is a further object to separate radioactive 
elements so that only minimum volumes of RCRA and 
low level wastes need to be buried. 
With these objects in view, the invention resides in a 

method for chromatographically recovering scandium 
and yttrium from the residue of a sand chlorinator. A 
residue, which may be an accumulation of several 
batches, processed in accordance with the present in 
vention generally contains scandium, yttrium. sodium, 
calcium and at least one radioactive metal of the group 
consisting of radium. thorium and uranium. The residue 
is digested with an acid. which is preferably hydrochlo 
ric acid. to produce a liquid containing these metals. 
The liquid is fed through a cation exchanger which 
adsorbs the metals. The cation exchanger is then eluted 
with an acid eluant to produce eluate fractions, includ 
ing: a first eluate containing at least half of the total 
weight of the calcium and sodium in the feed liquid; a 
second eluate containing at least half ofthe total weight 
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of the radioactive radium. thorium and uranium in the 
feed liquid; a third eluate comprising at least hall‘of the 
yttrium in the feed liquid: and a fourth eluate containing 
at least half ofthe scandium in the feed liquid. Prefera 
bly, each eluate fraction contains at least 75% of the 
characterizing metal present in the feed liquid. 

In a preferred practice. the cation exchanger moves, 
and most preferably continuously rotates, as it is fed 
with the metal-containing liquid and eluted with acid. 
In this practice of the present invention. the scandium. 
yttrium and the other metals and the acid eluant are 
separated and may-be recovered in one simple process 
operation. In addition, one or more of the eluates may 
be concentrated and the concentrated eluates calcined 
to produce solid oxides. Where all of the metals are 
calcined, and the barren eluates and barren eluant recy 
cled, the process advantageously produces zero liquid 
waste. 

DESCRIPTION OF THE DRAWINGS 

‘The invention will become more readily apparent 
from the following description of a preferred practice 
thereof shown. by way of example only. in the accom 
panying drawings. wherein: 

FIG. 1 is a perspective partially sectioned view of a 
cationic exchanger which may be employed in the prac 
tice of the present invention to chromatographically 
recover scandium and yttrium from a chlorinator resi 
due; 

FIG. 2 is a horizontal sectional view of the cation 
exchanger of FIG. 1. generally taken along line 2—2; 

FIG. 3 is an enlarged horizontal sectional view of a 
part of the top portion of the cation exchanger of FIG. 
1. generally enclosed by parenthesis 3 on FIG. 2: 
FIG. 4 is an enlarged plan view of the structure 

shown in FIG. 3: 
FIG. 5 is a plan view of the bottom of the cation 

exchanger of FIG. 1. taken along line 5—-5 of FIG. 2: 
and 

FIG. 6 is a ?ow sheet which illustrates the preferred 
practice of the present invention employing the cation 
exchanger of FIGS. 1-5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIGS. 1-5 generally show a cation exchanger 10 
which may be advantageously employed to separately 
recover the scandium and the yttrium originally present 
in small amounts in sand which is chlorinated at temper 
atures over about 800° C. 
The cation exchanger 10 is a known continuous annu< 

lar chromatograph originally developed at Oak Ridge 
National Laboratories. Perry‘s Chemical Engineer's 
Handbook, Fourth Edition, McGraw-Hill Book Com 
pany, is hereby incorporated by reference for its discus 
sion of the theory and design of such apparatus. The 
cation exchanger 10 of FIG. 1 generally comprises two 
concentric cylinders 12 and 14 which define an annular 
space 16 best seen in FIG. 2. Atop this annular space 16 
is a distributor plate 20. Feed pipes or channels 22 and 
24 run through the distributor plate 20 and terminate in 
feed nozzles 26 and 28, respectively. The feed nozzles 
26 are intended to feed metal-containing liquid to resin 
beads 30 which are packed in the annular space 16. For 
ease of illustration, these resin beads 30 are shown as 
only partially filling the annular space 16. On the other 
hand, the feed nozzles 28 are intended to feed eluant to 
a layer of glass beads 32 superposed over the resin beads 
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30. Thus the feed nozzles 28 are shorter than the feed 
nozzles 26. This feed arrangement limits back mixing of 
the metal-containing feed into the eluant above it. The 
feeds then flow downwardly through the annular bed of 
beads in the annular space 16. 
The central cavity defined by the inner cylinder 14 is 

sealed by an upper cap 36 so that a pipe 38 can be used 
to apply pressure to the annular bed of beads. A lower 
cap 38 in the central cavity and an outer collar 40 are 
bolted to a bottom plate for supporting the concentric 
cylinders 12 and 14 and the annular bed of beads. As is 
shown in FIG. 2, the lower cap 38 may be bolted to a 
mounting plate 42 through the bottom plate 44. As is 
best seen in FIG. 5, a large number of eluant delivery 
pipes 46 pass through this plate 44. This allows the 
collection ofa variety of eluate fractions and also facili 
tates adjustments to the operating conditions to allow 
eluate collection at various angular displacements. 
The distributor plate 20 is held in a ?xed position 

above the annular space 16 by a bracket 50 which is turn 
connected to a support rod 52 which is affixed to a base 
plate 54. Also affixed to this base plate 54 is a support 
column 56 on which the bottom plate 44 rotatably rests. 
A shaft 60 passes through this support column 56 and 
base plate 54 and connects the mounting plate 42 to a 
motivating means not shown. Also affixed to the base 
plate 54 is an annular collection trough 62 which can be 
subdivided into any number of convenient segments. 
each with its own exit port 64. 
The cation exchanger 10 is operated by rotating the . 

annular space 16 packed with the resin beads 30 and the 
glass beads 32 beneath the ?xed distributor plate 20 and 
its associated feed nozzles 26 and 28. The rotational 
force is supplied by the shaft 60. The cation exchanger 
10 is typically rotated at a constant speed so that any . 
vertical segment ofthe annular bed is above a particular 
fixed eluate delivery pipe 46 at a given time after this 
segment has been loaded with feed liquid and eluant. 
Thus. each eluate delivery pipe 46 has an angular posi 
tion which corresponds to a particular elution time for 
a particular rate of rotation of the cation exchanger 10 
and for a particular flow rate through the annular bed. 
The flow rate through the annular bed essentially 

depends upon the pressure drop therethrough. The 
pressure drop may be solely due to the hydrostatic bead 
of liquid, but preferably the annular bed is also pressur 
ized via pipe 38. The flow rate also depends upon the 
nature of the resin beads 30. A smaller average particle 
size requires a larger pressure drop to obtain a constant 
flow rate. However, the separation factor for any given 
theoretical stage is improved as the average particle size 
of the resin beads 30 is decreased. Thus, the effective 
bed height needed to effect a given degree of separation 
is decreased by decreasing the average particle size of 
the resin beads 30. Strong acid resins ha'ving mean diam 
eters of about 0.01 to about 10 microns which are mar 
keted under the designations AGSO wx 8 or Dowex 
50X 8 may be employed as resin beads 30. 
The flow rate down the bed of resin beads 30 and the 

rotational speed of the cation exchanger 10 should be 
coordinated such that a particular eluate fraction al 
ways eluates at the same angular position and thus is 
always delivered to the same eluted delivery pipe 46. 

It is preferred that the cation exchanger 10 be oper 
ated such that no more than about 5 percent, and more 
preferably no more than about 1 percent, of its ex 
change capacity is loaded with feed liquid before elu 
tion is initiated. This is conveniently effected by using a 
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feed liquid which has insufficient acid strength to re 
lease the cations from ionic bonding with the cation 
exchange resin and loading no more than about 5 per 
cent. and preferably about 1 percent, of the bed height 
with the feed liquid before adding an eluant ofsufficient 
strength to cause the cations to migrate down the col 
umn at a reasonable rate. The angular displacement 
between the liquid feed nozzles 26 and the eluant noz 
zles 28 and the speed of rotation of the annular bed are 
designed so that the time interval between loading and 
elution is just sufficient to realize the desired degree of 
penetration. The relationship between the time for load 
ing and the depth of penetration is determined by the 
flow rate through the annular bed. 
The displacement of metal down the bed may be 

effected by either an isocratic or a gradient supply of 
eluant. In the former case. the eluant can simply be 
supplied from a single nozzle 28 while in the latter case. 
several nozzles 28 at successively greater angular dis 
placements from the feed port are utilized. The ion 
exchanger 10 of FIG. 1 is designed for an isocratic 
elution mode. In the gradient mode. elution under the 
influence of the initial eluant is permitted to proceed 
until some separation of the cations has been effected 
and then a higher acid strength eluant is supplied. This 
increases the migration speed of the cations down the 
column and minimizes the range of elution volumes or 
times over which a given eluate fraction will exit the 
column or. in other words. this procedure minimizes the 
band spreading. Decreasing the elution volumes by 
gradient elution or by other means increases the cation 
concentration in the eluate fraction. Concentrations 
from about 0.1 to 50 gm/liter are preferred. 
FIG. 6 is a flow sheet depicting a process embodying 

the present invention for separating scandium and yt 
trium from a residue from a sand chloriuator (not 
shown). The process is designed to treat residues from a 
zircon sand chlorinator in a plant designed to produce 
zirconium and hafnium and will be described in that 
context. A similar process may be employed to treat 
residues from a rutile sand chlorinator in a titanium 
plant. 
The residue 70. which may be (but usually would not 

be) a continuous process stream. is shown as an accumu 
lation of batches 72 which are periodically pulled from 
one or more sand chlorinators. The batches 72 are 
blended in a blender 74 to provide a reasonably consis 
tent feed to the recovery process. Generally speaking. 
the residue 70 contains unreacted coke. unreacted zirco 
nium silicate. zirconium tetrachloride. hafnium tetra 
chloride. scandium. yttrium. calcium and sodium salts. 
and radioactive metals of the group radium. thorium 
and uranium. The residue may also contain small 
amounts oftransition metals. including rare earth metals 
and actinide series metals. The composition of residues 
in a operating plant will vary considerably. A partial 
analysis of residue batches is shown in the following 
table: 

Element 

Scantliuut 
Yttrium 
L'rauium. all isotopes 
Radium 11o 
Radium 11>‘ 
Thorium Z18 
Thorium IF!) 

W i 
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-continued 
Concentration Range 

tug/grunt) 

Thorium Z31 lain 

The residue 70 is fed to a sublimer 76, which may be 
a ?uid bed, where residual zirconium tetrachloride and 
hafnium tetrachloride is sublimed off at a temperature 
of about 350° C. or more using chlorine-nitrogen mix 
tures from a line 78. The sublimed gases are fed by a line 
80 to a condenser 82 where the hafnium tetrachloride 
and the zirconium tetrachloride are condensed and 
recycled by a line 84 to the next process step which is 
downstream of the chlorination step. The chlorine and 
nitrogen from the condenser 82 are recycled by a line 86 
to, e.g., the zircon sand chlorinators (not shown). The 
residue from the sublimer 76 is cooled with air or other 
means at a cooling stand 88 (which may be the ?uid bed 
sublimer 76) and then milled by any suitable milling 
apparatus 90 to maximize the surface area of the residue 
before digesting the residue. 
The milled residue is digested in a digestion tank 96 

with a strong acid from line 94 to dissolve the sodium 
and calcium; scandium, yttrium and other transition 
metals: and radium and other radioactive metals into a 
supernatant liquid over undigested coke and zirconium 
silicate. The digesting acid may be hydrochloric acid. 
nitric acid. sulfuric acid or mixtures thereof. The con 
centration of the acid is preferably about 1-6 molar, 
most preferably, the digesting acid is 3-6 molar hydro 
chloric acid. Strong acids at these concentrations will 
digest the residue in a reasonable time. 
The contents of the digestion tank 92 are circulated 

through a line 94 by a pump (not shown) to a ?lter 96 
which ?lters the undigested solids from supernatant 
liquid. The ?ltrate is recycled through a line 98 to the 
digestion tank 92. The undigested solids are fed to a 
neutralizer tank 102 where they are neutralized with a 
mild caustic from a caustic line .104. The neutralized 
solids are pumped through line 106 to a ?lter 108 which 
?lters the undigested solids from the caustic. The undis 
solved solids are recycled to the zircon sand chlorina 
tion step. The ?ltrate is recycled through line 110 to the 
neutralizer tank 102. 
The metal-containing supernatant liquid in the diges 

tion tank 92 is a hydrochloric acid solution at a concen 
tration of 3 molar or more in the preferred practice 
depicted in FIG. 6. The liquid must be buffered to a 
lower concentration before being fed to the cation ex- _ 
changer 10. Thus supernatant liquid in the digestion 
tank 92 is fed through a line 116 to a surge tank 118. The 
liquid in the surge tank 118 is recirculated by a pump 
120 through lines 122 and 124 to a buffer tank 126 where 
the liquid is buffered with a dilute acid fed through line 
128 into the buffer tank 126 prior to introduction into 
the cation exchanger 10. The dilute acid may be any of 
the acids employed to digest the residue. Preferably the 
dilute acid is dilute hydrochloric acid in amounts suf? 
cient to reduce the feed liquid to the cation exchanger 
10 to a strength of l-Z molar. 
The buffered feed liquid is fed through line 130 into 

the cation exchanger 10. The eluant is fed from a feed 
tank 132 through line 134 into the cation exchanger 10. 
The eluant may be hydrochloric acid. nitric acid, sulfu 
ric acid or mixtures thereof. Preferably the eluant is 
about 4-6 molar hydrochloric acid. If the cation ex 
changer 10 is operated in the gradient mode, several 
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hydrochloric acid streams at increasing strength. e.g.. a 
?rst stream at 4 molar concentration followed by a 
second stream at 5 molar concentration. are fed into the 
cation exchanger behind the liquid feed nozzle (or noz 
zles). 
The metals in the feed liquid 130 separate in the cat 

ion exchanger 10 as they migrate through the cation 
resin bed 30 (shown in FIG. 2) and appear in different 
eluate fractions. A ?rst eluate in line 140 is a hydrochlo 
ric acid solution containing at least half of the total 
weight of the calcium and the sodium in the feed stream 
130. A second eluate in line 142 is a hydrochloric acid 
solution containing at least half of the total weight of 
the radioactive metals in the feed stream. A third eluate 
in line 144 is a hydrochloric acid solution containing at 
least half ofthe weight ofthe yttrium in the feed stream 
130. A fourth eluate in line 146 is a hydrochloric acid 
solution containing at least half of the weight of the 
scandium in the liquid feed stream 130. A ?fth eluate in 
line 148 comprising hydrochloric acid essentially 
stripped of all metals may be separately recovered and 
recycled to, e.g.. the eluant feed tank 132 or to the 
buffer tank 126. If the ?fth eluate is fed to the eluant 
feed tank 132 as shown in FIG. 6. then makeup eluant 
from line 150 will periodically be necessary to adjust the 
concentration of the eluant. 
The separated metals may be sold or further treated 

before sale or ?nal disposal. For example the eluates 
containing the calcium. sodium. radioactive metals. 
yttrium and scandium may be concentrated by distilling 
the eluant. The metals may then be calcined and then 
recovered as oxides. Ifthe eluate containing sodium and 
calcium and the eluate containing radioactive materials 
are calcined there will be no liquid wastes to store and 
the waste volume which must be permanently disposed 
of. will be minimized. If the eluates containing the yt 
trium and the scandium are concentrated and calcined 
as well. there will be no liquid products or wastes which 
must be handled. 
What is claimed is: 
1. A method for chromatographically recovering 

scandium and yttrium from the residue of a sand chlo 
rinator. comprising the steps of: 

providing a residue from a sand chlorinator. the resi 
due containing scandium. yttrium. sodium. calcium 
and at least one radioactive metal of the group 
consisting of radium. thorium and uranium; 

digesting the residue with an acid to produce an aque 
ous liquid containing scandium. yttrium. sodium. 
calcium and at least one radioactive metal of the 
group consisting of radium. thorium and uranium: 

feeding the metal containing liquid through a cation 
exchanger; 

eluting the cation exchanger with an acid eluant to 
produce: 

a ?rst eluate containing at least half of the total 
weight of the calcium and sodium in the feed liq 
uid; 

a second eluate containing at least half of the total 
weight ofthe one or more radioactive metals in the 

_ feed liquid; 

a third eluate containing at least halfofthe yttrium in 
the feed liquid. and 

a fourth eluate containing at least halfof the weight 
of the scandium in the feed liquid. 

2. The chromatographic recovery method of claim 1. 
wherein the residue is digested with an acid selected 
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from the group consisting of hydrochloric acid. nitric 
acid. sulfuric acid and mixtures thereof. 

3. The chromatographic recovery method of claim 1, 
wherein the residue is digested with 3-6 molar hydro 
chloric acid. 

4. The chromatographic recovery method of claim 3, 
wherein the metal-containing liquid is buffered with 
dilute hydrochloric acid to produce a l-2 molar solu 
tion before it is fed through the cation exchanger. 

5. The chromatographic recovery method of claim 1, 
wherein the cation exchanger is eluted with an acid 
selected from the group consisting of hydrochloric 
acid, nitric acid. sulfuric acid and mixtures thereof. 

6. The chromatographic recovery method of claim 5. 
wherein the cation exchanger is eluted with 4-6 molar 
hydrochloric acid. 

7. The chromatographic recovery method ofclaim 1. 
comprising the additional steps of: ' 
moving the cation exchanger as it is fed with metal 

containing liquid and eluted with acid eluant. 
8. The chromatographic recovery method ofclaim 7. 

wherein the cation exchanger continuously moves as it 
is fed and eluted. ‘ 

9. The chromatographic recovery method ofclaim 7. 
wherein the cation exchanger is continuously rotated as 
it is fed and eluted. 

10. The chromatographic recovery method of claim 
1. comprising the additional steps of: 

concentrating at least one of the eluates to produce a 
concentrated metal eluate and a recyclable acid; 
and 

calcining the concentrated metal eluate to recover 
the metal as an oxide. 

* * * * * 
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